Sequence determinants regulating fibrillation of human alpha-synuclein.
alpha-Synuclein is a neural protein that comprises the fibrillar core of Lewy bodies, a histologically defining lesion of Parkinson's disease. To investigate the role of each specific residue of the alpha-synuclein molecule in fibril formation, amino acid substitutions were introduced throughout the molecule. Incorporation of proline, especially in the region spanning residues 37-89, drastically retarded fibril formation. Substitutions with polar residues showed that the hydrophobicity of the central hydrophobic region is also important in fibrillation regulation. In the N-terminal repeated region, increasing the number of negative charges interfered with fibrillation. In contrast, single amino acid substitutions in the C-terminal acidic region of alpha-synuclein had only minimal effects on fibrillation. More than 20 different single amino acid substitutions that were sufficient to prevent fibrillation of alpha-synuclein were obtained, and most of them were impaired in both nucleation and fibril elongation. Identification of sequence determinants regulating fibrillation of amyloidogenic proteins may provide valuable information for designing peptide analog drugs to prevent protein amyloidosis.